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Background: The deleterious effect of cigarette smoke on several health parameters due to 
pollution of air is of international concern. How these affect all living organisms and their 
wellbeing is a major research area. The development of oxidative stress, alteration in lipid 
peroxidation, thyroid and pregnancy hormone pattern was examined in pregnant rats exposed 
to cigarette smoke throughout the gestation period. Methods: Cigarette smoke exposed and 
control pregnant rats were sacrificed at gestational day 6, 12 and 20. Serum was collected for 
hormonal assay. Some vital organs were also dissected out, homogenized and used for 
oxidative stress and lipid peroxidation assay. Gestational weights, corporal luteum and 
implanted embryos were also recorded. Results: There was a significant increased loss of 
corpora lutea, embryonic implants and a disruption of the hormonal pattern of LH, 
progesterone and estradiol during pregnancy in cigarette smoke exposed rats. A significant 
increase in serum cortisol and brain tissue level of MDA, SOD and a significant decrease in 
GSH in cigarette smoke exposed rats was recorded. Conclusion: Exposing pregnant rats to 
cigarette smoke precipitated oxidative stress, early loss of corpora lutea, disruption in 





The use of tobacco continues to be the leading global 
cause of preventable death (CDCP, 2005, WHO 2011), 
accounting for the death of nearly six million people 
and causing hundreds of billions of dollars of economic 
damage worldwide each year (Peto 2001; Mathers 
2006). Most of these deaths were reported to occur in 
low-and middle-income countries, with propensity 
towards widening of the disparity over the next several 
decades (WHO 2011). Among the documented health 
risks associated with smoking are respiratory 
impairments, lung cancer, coronary heart disease (Lee 
et al., 2006). Substantial harmful effects of cigarette  










smoke on fertility have become apparent, but are not 
generally appreciated. Other documented effects of 
active or passive exposure to cigarette smoke on 
pregnancy include intra-uterine growth retardation 
(IUGR), sudden infant death syndrome, neuro-
developmental and behavioural problems (DiFranza et 
al. 2004). In Nigeria, tobacco smoking cut across 
different spheres of society; the rich, the poor, men and 
women, old and young.  Omokhodion and Faseru 
(2007) reported a smoking prevalence of 3.4 % in a 
study among cross section of secondary school students 
in Ibadan, southwest Nigeria, with smoking initiation 
age range of between 9-21 years. Salawu et al. (2009), 
reported smoking prevalence of 23 % among female 
young adults and 40 % among male young adults of a 
cross section of youth in the northeast Nigeria, with 
over half of these smokers recording their first 
experience of smoking between 13-15 years of age. 
Odey et al. (2012), also reported a prevalence of 
cigarette smoking of 6.4 % among healthy young adult 
in south-south Nigeria town of Calabar. They further 
reported that the prevalence of cigarette smoking is 
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higher among male adult (13.0 %) than females (2.1 
%).  
There is no doubt about increasing smoking habit 
among the adolescence and in particular female 
adolescence in Nigeria population. Cigarette smoking 
studies by socioeconomic status in developing 
countries revealed that cigarette use is highest among 
urban men and women who are less educated and 
economically disadvantaged (Bobak et al. 2000, 
Pampel 2005). In a research work on smoking and 
placental function, Page et al., (2002) reported that 
there was marked reduction in foetal capillary volume, 
alteration in the sodium-dependent transportation of 
alanine across the membrane of the microvillus of the 
placenta, increase in the thickness of trophoblastic 
epithelium and hypoxic stress both in the maternal and 
foetal blood. Ibeh and Ele (2003) put the prevalence of 
smoking among young Nigerian females at 7.7 %, with 
age range of smoking initiation at 12.6 ± 3.8 years. 
Smoking may precipitate epigenetic consequences on 
the health of the new born latter in adult life. 
Therefore, this research work intends to further 
elucidate possible mechanisms through which cigarette 
smoke initiates adverse effects on female fertility, and 
sustenance of pregnancy using experimental rat model. 
 
METHODS 
Animal grouping treatment and data collection 
Thirty-six matured female Sprague-Dawley rats 
weighing between 135-140 g and with regular oestrous 
cycling were used for this study after acclimatization to 
the laboratory. Standard rat housing was provided at 
room temperature and humidity with 12 hours light and 
12 hours dark cycle. They were fed with standard rat 
pellet and clean tap water ad libitum during the study 
period. The study was carried out in pregnant rats 
divide into control (CON) and cigarette smoke exposed 
(CSE) groups with each group subdivided into three 
sub-groups; gestational day (GD) 6, 12, and 21 of 
pregnancy respectively. 
Rat’s estrous cycle was studied under the microscope to 
establish proper cycling according to Marcondes et al. 
(2002). Pregnancy was achieved by cohabiting cycling 
female rats with a male of proven fertility (weight 
matched) overnight, at a ratio of 2 females to a male. 
Presence of sperm cells in the vaginal smear on the 
second day of cohabiting confirmed pregnancy and it 
was recorded as the first day of pregnancy. Pregnant 
rats were randomly assigned into two groups; CONT 
and CSE. Each rat in CSE group was exposed to ¼ of a 
cigarette stick over a period of 20 minute daily. This 
dose was chosen with reference to doses used in other 
experiment involving male animals and with 
consideration for the state of pregnancy (Paiva, 2005). 
The duration of exposure for the different sub-groups 
ranges from day one of pregnancy to termination day 
for the different sub-groups (e.g 6, 12 and 21 days), 
while the control rats were not exposed and were kept 
in separate room from the exposed group to prevent 
passive smoking experience. Exposure was carried out 
using Galeazzi et al. (1999) modified smoking 
chamber.  
Termination of exposure marked the end of the 
experiment for each sub-group at which the animals 
and their corresponding control were sacrificed by 
cervical dislocation (IACUC 2013). Blood sample were 
collected through cardiac puncture into a sterile sample 
bottle, centrifuged and serum withdrawn and stored at - 
40 C for thyroid hormone, cortisol and pregnancy 
hormone assay. The ovaries and the uterus were 
dissected out and the number of corpora lutea (cl) and 
embryonic implants counted. Resorption sites were also 
noted. The liver, brain tissue, lung and the heart were 
also carefully dissected out over ice parks, weighed and 
homogenized in cold phosphate buffer using glass 
homogenizer inserted into ice box. The homogenates 
were cold centrifuged, the supernatant separated and 
stored frozen at - 400 C until used for antioxidant and 
lipid peroxidation assay.  
 
 
Hormonal and oxidative stress assay  
The following hormonal assays were also carried out 
using enzyme-linked immunoassay method (ELISA 
assay kit); Luteinizing hormone (LH), Follicle 
stimulating hormone (FSH), progesterone, estradiol, 
thyroid hormones and cortisol according the 
manufacturer protocols. Oxidative stress assay was 
carried out as follow; malondialdehyde (MDA) 
according to Uchiyama and Mihara (1978) method and 
superoxide dismutase (SOD) according to Sun and 
Zigman (1978) method. Catalase level in the 
homogenates was determined by measuring the 
exponential disappearance of water (H2O2) at 240 nm 
and expressed in units/mg of protein as described by 
Aebi (1984) while glutathione peroxidase (GSH) level 
in the homogenates was determined according to Van 
Doorn et al. (1978). All procedures employed in this 
study were approved by the Institutional 
experimentation and ethics Committee 
(CM/COM/08/VOL.XXIV) of College of Medicine, 
University of Lagos and are in conformity with 
International ethical standards on biomedical 
experimentation and animal care. 
 
Statistical analysis 
The results were analysed using Biostat software. All 
results were presented as Mean ± Standard Error Mean 
(SEM) and analysed using one-way Analysis of 
variance (ANOVA). Level of significant was placed at 
p < 0.05. 
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Number of embryonic implants/ 
foetus 
Control CSE Control CSE 
6 13.00 ± 1.00 7.00 ± 2.00*  6.50 ± 0.50 0.00 ± 0.00* 
12 
10.00 ± 1.00 8.50 ± 0.50*  5.50 ± 0.50 1.00 ± 1.00* 
21 
11.50 ± 1.50 6.50 ± 0.50*  6.00 ± 1.00 1.50 ± 1.50* 
 † Significantly increased, * significantly decreased 
 
 
Table 2:  Levels of reproductive hormones during different days of pregnancy in cigarette smoke exposed and control rats 
Hormone Day of pregnancy Control CSE 
LH 
(miu/ml) 
6 10.50 ± 1.50 5.10 ± 1.10* 
12 5.30 ± 0.60 4.80 ± 1.20 
21 10.70 ± 2.20 4.50 ± 0.10* 
FSH 
(miu/ml) 
6 6.65 ± 0.35 3.85 ± 1.25* 
12 8.65 ± 3.35 7.95 ± 1.75 
21 7.40 ± 2.10 8.20 ± 3 .80 
Progesterone 
(nmol/l) 
6 22.55 ± 12.25 96.10 ± 14.40† 
12 12.65 ± 7.25 25.90 ± 3.60† 
21 39.95 ± 4.75 16.25 ± 11.05* 
Estrogen 
(pg/ml) 
6 9.65 ± 2.65 7.00 ± 2.10* 
12 14.90 ± 0.08 4.95 ± 0.45* 
21 17.85 ± 0.25 4.40 ± 0.10* 
Cortisol 
(ng/ml) 
6 9.55 ± 1.95 17.75 ± 0.15† 
12 7.28 ± 2.43 16.95 ± 0.05† 
21 11.20 ± 3.00 20.15 ± 2.15† 
  † Significantly increased, * significantly decreased 
DISCUSSION 
Cigarette smoking has long been attributed to a multitude of 
poor health outcomes and there are increasing undeniable 
evidences to show that smoking is detrimental to human 
health. In women, smoking has been linked to accelerated 
follicular depletion and occurrence of menopause earlier than 
in non-smokers (Augood and Duckitt 1998; El-Nemr et al. 
1998, Gold et al. 2001), low birth length and weight (Floyd 
et al, 1993; NCI 1999; Albuquergue et al. 2001) and 
cognitive impairment, behavioural and psychological defects 
at adulthood (Orlebeke et al. 1997, Shacka et al. 1997). In 
this study, we recorded a significant decrease in gestational 
weight in CSE rats compared with control starting from 
gestational day (GD) 12 till 21 day of pregnancy (GD 12;  
 
control 142.06 ± 1.30, CSE 136.50 ± 3.10, GD 21; control 
151.63 ± 1.50, CSE 145.15 ± 3.32 g respectively (Fig 1). 
Although, feed consumption was not measured in this work 
and other researchers have reported a decrease in feed 
consumption and weight gain (Grunberg et al. 1984) which is 
similar to reduction in weight gain observed in this study. 
This has been attributed to the effects of the nicotine content 
of cigarette (Grunberg et al. 1986; Miyata et al. 1999). 
Nicotine is the addictive component of cigarette. Yoshinaga 
et al. (1979) reported that sub-cutaneous injection of nicotine 
significantly reduced progesterone production with resultant 
delay in implanatation and cleavage of ferlized oocytes at the 
different stages of development. 
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Table 3: Levels of thyroid hormones during different days of pregnancy in cigarette smoke exposure and control rats 
Hormone Day of pregnancy Control CSE 
T3 (nmol/l) 
(x10-2) 
6 0.92  ±  0.01 1.39  ± 0.15 † 
12 3.08  ± 1.85 2.08  ± 0.23 
21 2.70  ±  0.23 1.46  ± 0.85 
T4 
(nmol/l) 
6 30.00 ± 6.40 30.80 ±04.70 
12 27.90  ± 0.50 27.85 ± 0.75 
21 43.40  ± 0.80 36.75 ± 5.35* 
TSH 
(miu/ml) 
6 0.01  ± 0.00 0.01 ± 0.00 
12 0.00  ± 0.00 0.00 ± 0.00 
21 0.00  ± 0.00 0.00  ± 0.00 
T3/T4 ratio 
(x10-2) 
6 0.03  ± 0.01 0.06 ± 0.03 
12 0.15 ± 0.12 0.07 ± 0.01 
21 0.06  ± 0.00 0.04 ± 0.02 
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† significantly increased compared to corresponding control value *significantly decreased compared to corresponding control 
value β Significantly reduced compared with earlier days of pregnancy.  α Significantly increased compared with earlier days of 
pregnancy. NA: Not available 
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Fig. 1. Body weight changes during different days of pregnancy in 
cigarette smoke exposed and control rats * indicates significant 
level of decrease 
 
 
Cigarette smoke and changes in reproductive and thyroid 
hormones 
The hormonal profile of pregnant rats exposed to 
cigarette smoke showed a significant reduction in the 
LH (GD 6; control 10.50 ± 1.50, CSE 5.10 ± 1.10, GD 
21; control 4.50 ± 0.10, CSE 10.70 ± 2.20 miu/ml), 
progesterone ( GD 6 control 22.55 ± 12.25, CSE 96.10 
± 14.40, GD 12 control 12.65 ± 7.25, CSE 25.90 ±3.60, 
GD 21 control 39.95 ± 4.75, CSE 16.25 ±11.05 nmol/l) 
and estradiol (GD 6; control 9.65 ± 2.65, CSE 7.00 ± 
2.10, GD 12; control 14.90 ± 0.08, CSE 4.95 ± 0.45, 
GD 21; control 17.85 ± 0.25, CSE 4.40 ± 0.10 pg/ml) 
(with progression of pregnancy (Table 2). The reported 
pattern for estrogen during normal pregnancy was a 
steady increase with progression of pregnancy with a 
peak toward late gestation, and a final fall three to two 
days to paturition (Khanum et al. 2008). Other authors 
have reported the inhibitory effects of cigarette smoke 
on follicular growth and estradiol production (Neal et 
al. 2007). Progesterone level is known to increase with 
progression of pregnancy (Luisi et al. 2000; Khanum et 
al. 2008).  Reduction in progesterone level during 
pregnancy except towards parturition is a recognized 
diagnostic sign of preterm birth and thus administration 
of progesterone is used as prevention in women at risk 
(DaFonseca et al. 2003; Meis et al. 2003). In addition, 
the maternal thyroid hormone assay results at different 
stages of pregnancy revealed a significant increase in 
maternal serum level of T3 on GD6 (GD 6; control 0.92 
± 0.0, CSE 1.39 ± 0.15 x10-2 nmol/l), and significant 
decrease in T4on GD21 (GD 21; control 43.40 ± 0.80, 
CSE 36.75 ± 5.35 nmol/l) (Table 3). However, TSH 
which is an indicator of hypothalamic positive feedback 
towards increasing thyroid hormone production was not 
significantly affected. Cigarette smoke is known to 
suppress hypothalamic activities through the activities 
of the addictive components. Further work will 
however be required in elucidating the mechanism via 
which exposure to cigarette smoke initiated suppression 
of maternal thyroid hormones synthesis. Thyroid 
hormones have been established to be an important 
contributor to implantation processes, sustenance of 
pregnancy, proper growth and development of the 
foetus (Henry 1996). Increased maternal thyroxine 
level has also been shown to stimulate placenta growth 
thus promoting proper foeto-placetal communication 
and enhanced foetal development (Spencer and 
Robinson 1993).  Exposure to endocrine disruptor 
chemicals such as Nitrofen, an herbicide has been 
reported to distrupt thyroid hormone synthesis during 
pregnancy (Manson et al. 1984). Nicotine, one of the 
major constituent of cigarette has long been shown to 
interact in vivo with primate brain aromatase in regions 
involved in mood, aggression, and sexual behavior 
(Weathersbee 1980; Biegon et al. 2010).  
 
Nicotine is known to affect the hypothalamo-pituitary-
ovarian axis activity responsible for ovulation and early 
tropic support for pregnancy till placenta funtions  are 
properly developed (Weathersbee 1980). A significant 
decrease in  the weights of embryonic implats in CSE 
rats was recorded in this study. Other authors have 
reported the visceral organ weight reduction effect of 
nicotine in female rats (Iranloye and Bolarinwa 2009). 
Apart from the significant decrease in weights of 
embryonic implant, we also recorded a significant 
progressive reduction in number of corpora lutea (CSE; 
7.0 ± 2.00, 8.5 ± 0.50, and 6.5 ± 0.50, control; 13.0 ± 
1.00, 10.0 ± 1.00, 11.5 ± 1.50 on pregnancy day 6, 12 
and 21 respectively) and embryonic implants in CSE 
rats (CSE; 0.0 ± 0.00, 1.00 ± 1.00 and 1.50 ± 1.50, 
control; 6.50 ± 0.50, 5.50 ± 0.50 and 6.00 ± 1.00 on day 
pregnancy day 6, 12 and 21 respectively) (Table 1). 
The loss of the embryonic implants can be partly 
atributed to the significant reduction in progesterone 
level (Table 2) as a result of significant reduction in the 
number of surviving  corpora lutea. Corpus luteum is 
responsible for early production of progesterone before 
the eventual take over of this role by the placenta. 
Previous report by Nepomnaschy et al. (2004) have 
established a negative association between cortisol and 
progesterone level around implantation. The reduction 
in progesterone level during pregnancy is one of the 
factors promoting parturition and when it occurs before 
term, preterm birth is the result. This may have partly 
contributed to the recorded significant loss of 
embryonic implant in the CSE group compare with the 
control.  
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Cigarette smoke stress and cellular oxidative stress 
In this study, rats that were exposed to cigarette smoke 
during pregnancy also recorded increased level of 
cortisol with progression of pregnancy (GD 6, 12 and 
21 respectively; control; 9.55 ± 1.95, 7.275 ± 2.425, 
11.20 ± 3.00, CSE; 17.75 ± 0.15, 16.95 ± 0.05, 20.15 ± 
2.15 (ng/ml) (Table 2). Cortisol is a stress maker 
produced from the adrenal cortex in response to stress 
and it modifies the preparedness of the body to 
accommodate new challenges. Its effect transverse the 
entire systems modifying hormonal and metabolic 
activities going on in the various cell of the body. 
Maternal stress is commonly cited as one of the 
potential cause for at least part of pregnancy losses that 
remain unexplained in human (Ezechi et al. 2003, 
Nepomnaschy et al. 2006). Increased experience of 
stress during pregnancy has been associated with 
increased maternal cortisol level (Canals et al. 1997, 
Nepomnaschy et al. 2006,) very early pregnant loss or 
preterm birth and reduction of birth weight (Valladares 
et al. 2009). The recorded increase in cortisol level in 
rats exposed to cigarette smoke during pregnancy 
therefore, indicated an increased stress which may 
partly explain the corresponding reduction in number of 
embryonic implants and in some other cases complete 
loss of embryonic implants depending on the duration 
of exposure. In addition, the reported discovery of 
corticotrophin-releasing factor receptors on the ovary 
(Tilbrook  et al. 2002) also buttressed the possibilities 
of the existence of a down-regulatory effect of stress on 
steroidogenesis and production of sex hormones.    
Although, there were fluctuations in the level of the 
antioxidants GSH, SOD and CAT measured during the 
duration of pregnancy in this study (table4), the overall 
effect was a significant increase in the level of these 
antioxidants with continuous exposure to cigarette 
smoke and with progression of pregnancy (Liver; MDA 
12th week control 1.36 ± 0.31, CSE 1.73 ± 0.79 (x10-6 
unit μmol/ml), CAT 6th week; control 0.45 ± 0.02, CSE 
1.00 ± 0.02, 12th week control 0.52 ± 0.41, CSE 1.22 ± 
0.06 (unit μmol/ml),  Brain SOD 12th week control 5.91 
± 0.74, CSE 13.21 ± 0.55 (x10-3 unit μmol/ml), Lungs 
MDA; control 1.19 ± 0.01, CSE 2.95 ± 0.39 (x10-6 unit 
μmol/ml), SOD control 3.79 ± 0.05, CSE 8.74 ± 2.71, 
12th week control 5.56 ± 0.10, CSE 13.46 ± 0.26 (x10-3 
unit μmol/ml), CAT 6th week; control 0.41 ± 0.00, CSE 
0.86 ± 0.26 (unit μmol/ml). This gave an indication of 
increased generation of reactive oxygen species and 
increased oxidative stress in the CSE rats. Nampothiri 
et al. (2007) have reported that intra peritonea injection 
of cadmium one of the metabolites of cigarette smoke 
inhibited SOD activities while increasing catalase 
activities in rat ovarian granulosa cells. 
Exposure of pregnant laboratory rats to cigarette smoke 
adversely affected sterodogenesis, T3 and T4 synthesis, 
potentiated stress and oxidative stress with early loss of 
cl and embryonic implants. 
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